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Abstract – The objective of this work was to evaluate the effects of combined phosphorus and nitrogen 
fertilization and of harvesting frequency on the chemical composition of 'Gigante' cactus pear (Opuntia 
ficus‑indica) cladodes. The experiment was carried out in two municipalities, Quixadá and Tejuçuoca, in the 
state of Ceará, Brazil. Fertilization with nitrogen (urea) and phosphorus (single superphosphate) was done 
with nine doses, respectively: 10 and 70, 70 and 10, 70 and 70, 70 and 130, 100 and 100, 130 and 70, 130 and 
130, 130 and 190, and 190 and 130 kg ha-1 per year, besides 100 kg ha-1 N and P2O5 per year as the control. 
The harvesting frequencies evaluated were annual and biannual. A randomized complete block design was 
adopted, in split plot, with four replicates. The effect of fertilization on the contents of total dry matter, 
crude protein, neutral detergent fiber, organic matter, and total carbohydrates in the cladodes varies with 
harvesting frequency and site. Regarding harvesting frequency, there were higher contents of organic matter, 
total carbohydrates, and neutral detergent fiber, but lower contents of crude protein for the biannual harvesting 
in both municipalities. Annual harvesting improves the nutritional quality of primary and secondary cladodes 
in the municipality of Quixadá and of secondary and tertiary cladodes in Tejuçuoca.
Index terms: Opuntia ficus‑indica, harvesting frequency, nitrogen, phosphorus.
Composição química de cladódios de palma forrageira 
sob diferentes manejos de adubação e colheita
Resumo – O objetivo deste trabalho foi avaliar os efeitos da adubação combinada de nitrogênio e fósforo, e da 
frequência de colheita sobre a composição química de cladódios de palma forrageira 'Gigante' (Opuntia ficus‑
indica). O experimento foi realizado em dois municípios cearenses, Quixadá e Tejuçuoca. A adubação com 
nitrogênio (ureia) e fósforo (superfosfato simples) foi realizada em nove doses, respectivamente: 10 e 70, 70 
e 10, 70 e 70, 70 e 130, 100 e 100, 130 e 70, 130 e 130, 130 e 190, e 190 e 130 kg ha-1 por ano, além de 100 kg 
ha-1 de N e P2O5 por ano como controle. As frequências de colheita avaliadas foram anual e bianual. Adotou-se 
o delineamento de blocos ao acaso, em arranjo de parcelas subdivididas, com quatro repetições. O efeito da 
adubação sobre os teores de matéria seca total, proteína bruta, fibra em detergente neutro, matéria orgânica 
e carboidratos totais dos cladódios varia com a frequência de colheita e com o local. Quanto aos períodos 
de colheita, foram observados maiores teores de matéria orgânica, carboidratos totais e fibra em detergente 
neutro, mas menores teores de proteína bruta para a colheita bianual, nos dois municípios. A colheita anual 
melhora a qualidade nutritiva de cladódios primários e secundários em Quixadá e de cladódios secundários 
e terciários em Tejuçuoca.
Termos para indexação: Opuntia ficus‑indica, frequência de colheita, nitrogênio, fósforo.
Introduction
Cactus pear [Opuntia ficus‑indica (L.) Mill.] is one 
of the main foods used for flocks of arid and semiarid 
regions of the world. The main reason is its ability to 
remain productive and nutritious in conditions of water 
deficit (Nobel & Zutta, 2008). Although cactus pear is 
high in energy and digestibility, low protein and fiber 
contents limit its use in the ruminant diet.
This is an open-access article distributed under the 
Creative Commons Attribution 4.0 International License
222 G.M.F. Gomes et al.
Pesq. agropec. bras., Brasília, v.53, n.2, p.221-228, Feb. 2018 
DOI: 10.1590/S0100-204X2018000200011
Nitrogen fertilization is used to increase the crude 
protein content of this species. Dubeux Jr et al. (2006) 
obtained an increase from 7 to 13 g kg-1 dry matter with 
the addition to the soil of 300 kg ha-1 N for clone-20 of 
cactus pear. Combined doses of nitrogen and phosphorus 
may potentiate this effect because the absorbable forms 
of these nutrients interact synergistically (Prado, 2008). 
Another factor that could alter the nutritional quality of 
this species is harvesting frequency; however, little is 
known about this effect.
The nutritional quality of cactus pear is not 
homogeneous, since its cladodes (succulent stems 
without leaves) are at different stages of development 
in the plant. Young cladodes are located more at the 
top and are richer in water, ash and crude protein, 
but poorer in fiber; the opposite is observed for 
cladodes located at the base of the plant. In addition, 
younger cladodes act as a growth drain (Pimienta-
Barrios et al., 2005) and, therefore, use sugars for 
respiration and synthesis of other molecules (Taiz & 
Zeiger, 2006), which reduces carbohydrate content 
(Ribeiro et al., 2010). The evaluation of cactus pear 
quality considering the order of cladodes is still 
poorly investigated, mainly regarding the effect of 
fertilization and the frequency of harvesting. Under 
appropriate management conditions, young cladodes 
may have a CP content (190 g kg-1 dry matter) as high 
as that produced by leucaena (190 g kg-1 dry matter) 
(Pinos-Rodríguez et al., 2010).
The objective of this work was to evaluate the effects 
of combined phosphorus and nitrogen fertilization and 
of harvesting frequency on the chemical composition 
of 'Gigante' cactus pear cladodes.
Materials and Methods
Two experiments were carried out from January 
2011 to March 2013. The first one was developed at 
the Lavoura Seca farm, in the municipality of Quixadá 
(4°58'S, 39º01'W, at an altitude of 190 m), and the 
second one, at the Quilombo farm, in the municipality 
of Tejuçuoca (3º59'S, 39º34'W, at an altitude of 140 
m), both located in the state of Ceará, Brazil. Data of 
rainfall, temperature, and average relative humidity 
obtained in 2011 and 2012 were, respectively, 1,042 
and 602 mm, 27 and 26.9°C, and 61.3 and 56.3% in 
Quixadá; and 1,038 and 561 mm, 26 and 26.8°C, and 
67.2 and 63.8% in Tejuçuoca. Soil chemical properties 
at 0.00–0.20-m depth were, respectively, for Quixadá 
and Tejuçuoca: pH 6.1 and 6.2; 5 and 6 mg dm-3 P; 
260 and 243 mg dm-3 K; 20 and 7 mg dm-3 Na; 3.4 and 
4.0 cmolc dm-3 Ca; 3.4 and 3.2 cmolc dm-3 Mg; absent 
Al; sum of bases of 7.55 and 7.85 cmolc dm-3; effective 
cation exchange capacity of 7.55 and 7.85 cmolc dm-3; 
and organic matter of 5.28 and 8.17 g kg-1, respectively. 
The physical characteristics of the soils for Quixadá 
and Tejuçuoca were, respectively: 513 and 164 g kg-1 
coarse sand; 363 and 590 g kg-1 fine sand; 89 and 153 
g kg-1 silte; 35 and 93 g kg-1 clay; 2.62 and 2.57 g kg-1 
particle density; and sandy and sandy loam textural 
classification.
A randomized complete block design was adopted, 
in split plot, with four replicates. The treatments 
consisted of nine combinations of nitrogen (urea, 
45% N) and phosphorus (single superphosphate, 18% 
P2O5), according to matrix Plan Puebla II (Turrent 
Fernández & Laird, 1975), assigned to the plots, and 
two harvesting frequencies (annual and biannual), 
assigned to the subplots, totaling 72 experimental 
units, with three rows of cactus pear and 120 plants per 
plot, in each municipality. The dose 100 kg ha-1 N and 
P2O5 per year was considered as a reference (control) 
between the following combinations: 10 and 70, 70 and 
10, 70 and 70, 70 and 130, 100 and 100, 130 and 70, 130 
and 130, 130 and 190, and 190 and 130 kg ha-1 N and 
P2O5 per year, respectively.
Planting was performed before the beginning of the 
rainy season. Cladodes were buried 30 cm deep in the 
furrow in a vertical position, covered 2/3, and kept 
dried. The spacing was 2.0x0.10 m, totaling 50,000 
plants per hectare. Fertilization was applied in the 
rainy season, in which phosphorus was available at 
once and urea fractionated in three applications, with 
intervals of 20 days. Urea was diluted in 1 L of water to 
allow the application of the lowest dose of nitrogen and 
phosphorus. The micronutrient source was FTE-BR 12 
(0.1% Mo, 0.8% Cu, 1.8% B, 2.0% Mn, 3.0% Fe, and 
9.0% Zn) applied at 50 kg ha-1 per year, and the balance 
of Ca and S was carried out using agricultural gypsum 
and limestone, based on the maximum dose of single 
superphosphate; all were available immediately.
One or two plants of the central row of each 
experimental plot were taken for collection of cladodes. 
Samples of cladodes were pre-dried in a forced-air 
oven at 55°C to constant mass and then subjected to the 
laboratory analysis. Content of dry matter (DM, method 
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ID 930.15) and crude protein (CP, method ID 984.13) 
were determined according to the procedures described 
in Helrich (1990). The organic matter content (OM) was 
calculated by subtracting the ash content (method ID 
924.05) from 100. The neutral detergent fiber (NDF) 
content was determined according to Van Soest & 
Robertson (1985). NDF analyses were not treated with 
amylase and neither corrected for ash and protein. The 
carbohydrate content was estimated as proposed by 
Sniffen et al. (1992): total carbohydrates (TC) = 100 
(%CP + %EE + %ash), where EE is the ether extract.
In order to evaluate the effect of fertilization, the 
chemical composition variables were subjected to 
the regression analysis, for which the selection of 
the models was based on the significance of the 
coefficients up to 10% probability, by the F-test, and 
of the coefficient of determination, using the SAEG 
software, version 9.1 (SAEG…, 2007). As for the 
effect of the frequency of harvesting, the mean values 
were compared by Tukey’s test, at 5% probability, in 
the SAS software (SAS Institute Inc., Cary, NC, USA).
Results and Discussion
The doses of N and P affected the total dry matter 
content (DMT) of cladodes, except of primary and 
secondary cladodes under annual harvest, in the 
municipality of Quixadá (Table 1), and of tertiary 
cladodes under annual harvesting in Tejuçuoca 
(Table 2), in which there was no fit for the N and P 
doses. In Tejuçuoca, the DMT content of primary 
cladodes in the two harvesting frequencies was fit to 
the multiple regression model. For secondary cladodes, 
in Tejuçuoca, in the two harvesting frequencies, there 
was a quadratic effect of the doses of P on the DMT 
content, and for tertiary cladodes, under biannual 
harvesting, there was a quadratic effect of the N doses 
on the DMT content. The increase or reduction in the 
DMT content of cladodes as a function of fertilization 
is a reflection of the indirect effect of soil nutrients on 
the growth dynamics of the whole cactus pear plant. 
Nerd & Mizrahi (1994) reported that the increase in 
N fertilization increased the number of cladodes per 
Table 1. Regression equations and coefficients of determination (R2) of the contents of: total dry matter (DMT), organic 
matter (OM), crude protein (CP), total carbohydrates (TC), and neutral detergent fiber (NDF) of primary and secondary 
cladodes of 'Gigante' cactus pear (Opuntia ficus‑indica), under annual and biannual harvesting frequencies, in the 
municipality of Quixadá, in the state of Ceará, Brazil, according to the combined doses of nitrogen (N, urea) and phosphorus 
(P, P2O5) evaluated.
Cladode order Harvesting  
frequency
Nutrients  
(g kg-1)
Regression R2
Primary Annual
DMT Y = 136.03 -(1)
OM Y = 917.39 -
CP Y = 53.6719 + 0.09246*N 0.40
TC Y = 816.6580 + 0.4308*N - 0.002330*N2 0.34
NDF Y = 174.950 - 0.2054N + 0.009142**N2 + 2.6457***P - 0.02125***NP 0.99
Primary Biannual
DMT Y = 251.2060 - 1.2231*P + 0.004461*P2 0.71
OM Y = 904.3890 + 0.2490*N - 0.001454**N2 + 0.3062**P - 0.001181*P2 0.66
CP Y = 34.3130 - 0.04252N + 0.0004518°N2 + 0.05443*P 0.71
TC Y = 851.9640 + 0.3082*N - 0.002060**N2 + 0.2611°P - 0.001292°P2 0.54
NDF Y = 122.0780+ 2.8241***N + 1.4340**P + 0.008454**P2 - 0.02706***NP 0.57
Secondary Annual
DMT Y = 148.33 -
OM Y = 866.3180 + 0.1224N + 0.001123°N2 + 0.3864*P - 0.002825°NP 0.65
CP Y = 78.67 -
TC Y = 746.0740 + 0.4769°N + 0.5937°P - 0.004888°NP 0.43
NDF Y = 284.2490 - 0.2640**N 0.42
Secondary Biannual
DMT Y = 280.490 - 1.8693**P + 0.007021*P2 0.74
OM Y = 897.2140 + 0.1806°N - 0.001082°N2 + 0.3090*P - 0.001072°P2 0.56
CP Y = 40.9892 + 0.05049**N 0.57
TC Y = 848.7450 - 0.09741°N + 0.08606°P 0.30
NDF Y = 234.4710 + 1.0189**N - 0.1173P + 0.004665**P2 - 0.008056*NP 0.53
(1)Lack of fit to doses of N and P. ***, **,*and°Significant at 0.1, 1, 5, and 10% probability, respectively.
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plant, resulting in two distinct events, that is, in the 
increase and reduction of DM content of the basal and 
apical cladodes, respectively.
Cladodes at the base of the plant started to perform 
a support function in the municipality of Tejuçuoca, 
because the increase in N doses resulted in an 
increase in the DMT content of primary cladodes and 
in a reduction in that of tertiary cladodes. The same 
behavior was not observed in Quixadá, probably due 
to sandy soil with lower rainwater storage capacity. 
The higher availability of water in the soil contributes 
to reduce the DM content of cactus pear (Dubeux 
Júnior et al., 2010), which may explain the lower DMT 
content in cladodes evaluated in Tejuçuoca. In this 
municipality, the DMT content of cladodes was similar 
to those observed by Santos (2006), mean of 102 g kg-1, 
and Batista et al. (2009), mean of 153 g kg-1.
The CP content of primary cladodes under annual 
harvesting in both municipalities increased linearly 
with N doses. Therefore, the dose of 190 kg ha-1 N per 
year in Quixadá (Table 1), and the combined dose of 
190 and 10 kg ha-1 per year N and P2O5 in Tejuçuoca 
(Table 2), provided maximum CP content, with 
estimates of 71.2 and 83.2 g kg-1 DM, respectively. A 
similar effect was observed for secondary cladodes 
with biannual harvesting in Quixadá and with annual 
Table 2. Regression equations and coefficients of determination (R2) of the content of total dry matter (DMT), organic 
matter (OM), crude protein (CP), total carbohydrates (TC), and neutral detergent fiber (NDF) of primary, secondary, and 
tertiary cladodes of 'Gigante' cactus pear (Opuntia fícus‑indica), under annual and biannual harvesting frequencies, in 
the municipality of Tejuçuoca, in the state of Ceará, Brazil, according to the combined doses of nitrogen (N, urea) and 
phosphorus (P, P2O5) evaluated.
Cladode order Harvesting 
frequency
Nutrients 
(g kg-1)
Regression R2
Primary Annual
DMT Y = 125.2030 - 0.01833N - 0.001350**N2 - 0.3448**P + 0.002968**NP 0.71
OM Y = 886.1650 + 0.2077°N - 0.0009083°N2 0.41
CP Y = 66.1383 + 0.09524***N - 0.1070P + 0.0006526°P2 0.88
TC Y = 805.28 -(1)
NDF Y = 271.410 + 0.6109N + 0.007758*N2 + 0.7926°P + 0.006336*P2 - 0.01867*NP 0.45
Primary Biannual
DMT Y = 64.9365 + 0.5117***N + 0.4463***P - 0.004752***NP 0.81
OM Y = 854.7070 + 0.4699***N - 0.001897**N2 + 0.4889***P - 0.001799**P2 0.79
CP Y = 79.6120 - 0.2182*N - 0.2569*P + 0.003172**NP 0.60
TC Y = 753.8710 + 0.7334***N + 0.8139***P - 0.007465***NP 0.63
NDF Y = 231.6760 + 2.5386***N + 1.8449***P - 0.01794***NP 0.97
Secondary Annual
DMT Y = 105.2160 - 0.2114*P + 0.0007922*P2 0.57
OM Y = 904.0660 - 0.2736*P + 0.001134*P2 0.64
CP Y = 73.3145 + 0.1177***N 0.80
TC Y = 796.1710 - 0.1417**P 0.58
NDF Y = 60.3589 + 1.8923***N + 0.003933**N2 + 2.5317***P - 0.02338***NP 0.83
Secondary Biannual
DMT Y = 91.7004 + 0.1536P - 0.0009195°P2 0.28
OM Y = 856.1890 + 0.5554***N - 0.002296**N2 + 0.2763*P - 0.001004°P2 0.73
CP Y = 80.1902 - 0.1788°N - 0.2111*P + 0.002757**NP 0.63
TC Y = 757.9670 + 0.5555*N - 0.002625*N2 + 0.6544**P - 0.003237**P2 0.52
NDF Y = 302.5950 + 2.4640***P - 0.0101***P2 0.46
Tertiary Annual
DMT Y = 84.75 -
OM Y = 862.5990 + 0.4060*N - 0.1621P + 0.002085*P2 - 0.003453°NP 0.58
CP Y = 63.4663 + 0.6601**N - 0.002529**N2 + 0.3254°P - 0.001420°P2 0.91
TC Y = 755.0910 - 0.1818*N 0.32
NDF Y = 232.580 + 0.2970*N 0.40
Tertiary Biannual
DMT Y = 96.2162 - 0.1827**N + 0.0005996°N2 0.80
OM Y = 847.650 + 0.4405**N + 0.2486*P + 0.001164*P2 - 0.004057**NP 0.74
CP Y = 91.4421 + 0.1083**N - 0.4467***P + 0.002303***P2 0.69
TC Y = 717.5290 + 0.6244**N + 0.7238***P - 0.006779***NP 0.62
NDF Y = 422.4950 - 1.800***N + 1.6244***P - 0.01028***P2 + 0.008277*NP 0.95
(1)Lack of fit to doses of N and P. ***, **,*and°Significant at 0.1, 1, 5, and 10% probability, respectively.
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harvesting in Tejuçuoca, and for tertiary cladodes in 
annual and biannual harvesting in Tejuçuoca, with the 
highest CP content with the dose of 190 kg ha-1 N per 
year. The increase in N doses increases the availability 
and, consequently, the uptake of this nutrient by the 
roots at levels that probably exceeded the capacity of 
the plant to metabolize N, which resulted in greater 
accumulation of N in the shoot (Taiz & Zeiger, 2006). 
This would explain the direct relationship between N 
concentration in the soil and CP content of cactus pear, 
as observed by Dubeux Jr. et al. (2006) and Donato et 
al. (2014).
However, N doses affected negatively the CP 
content of primary cladodes under biannual harvesting 
in Quixadá and Tejuçuoca and of secondary cladodes 
under biannual harvesting, in Tejuçuoca. Old cladodes 
do not accumulate CP because most of the absorbed 
nutrient is mobilized to young cladodes (Nerd & Nobel, 
1995). Longer harvest time and N fertilization (Cunha 
et al., 2012) may increase the number of cladodes per 
cactus pear and, consequently, sink force (Pimienta-
Barrios et al., 2005).
The CP content of cladodes in Tejuçuoca at the two 
harvesting frequencies was close to the optimum of 60 to 
80 g kg-1 DM for the growth of ruminal microorganisms 
(Lazzarini et al., 2009). However, in Quixadá, CP 
levels in primary and secondary cladodes with biannual 
harvesting were below the optimum for microbial 
growth. In the latter case, the sandy soil, with lower 
OM content and lower moisture retention, may have 
contributed to reduce root-nutrient contact and reduced 
N availability in the soil solution. The low CP content 
in cladodes under biannual harvesting in Quixadá 
showed the need for protein supplementation of the 
herd (Gebremariam et al., 2006; Tegegne et al., 2007). 
In Tejuçuoca, better soil conditions, such as moisture 
and natural fertility, may have contributed to a higher 
uptake of N and P. These nutrients present in the soil 
are absorbed concomitantly, via symport, because they 
have opposite charge ions, and phosphate fertilization 
also provides more energy in the form of adenosine 
triphosphate for ammonium assimilation (Prado, 2008).
The NDF content of primary cladodes at the two 
harvesting frequencies in both sites increased with 
fertilization, fitting to the polynomial model. In 
both Quixadá (Table 1) and Tejuçuoca (Table 2), the 
maximum NDF content was obtained for annual and 
biannual harvesting, with estimated levels of 636.1 
and 622.4 g kg-1 DM for Quixadá, and 622.2 and 698.4 
g kg-1 DM for Tejuçuoca, respectively. The increase 
in fertilization doses also increased the NDF content 
of secondary cladodes under annual harvesting in 
Quixadá and under annual and biannual harvesting 
in Tejuçuoca and of tertiary cladodes under annual 
harvest in Tejuçuoca. However, the NDF content of 
secondary cladodes under annual harvest in Quixadá 
and of tertiary cladodes under biannual harvesting in 
Tejuçuoca was reduced with the doses of N.
The effect of fertilization on the growth of the whole 
cactus pear plant may result in higher or lower NDF 
content of cladodes. In an experiment to stimulate 
cactus pear growth (Dubeux Jr. et al., 2006; Ramos 
et al., 2015), fertilization tended to increase the NDF 
content of cladodes closer to the base of the plant and 
to reduce that of cladodes closer to the apex, because 
they are more tender and younger (Pinos-Rodríguez 
et al., 2010). The NDF content of secondary cladodes 
in Quixadá and of tertiary cladodes in Tejuçuoca, 
both under annual harvesting, was close to the levels 
of 248.8 and 318.8 g kg-1 DM found by Batista et al. 
(2009) and Silva et al. (2013), respectively. However, 
these values were much lower when compared with 
the NDF contents of the other orders in the different 
harvesting and site conditions. In this context, the 
cladode order can be used as a criterion, in an attempt 
to optimize the use of cactus pear in the ruminant diet. 
The use of basal cladodes can affect the sustainability 
and productivity of cactus pear plantations. Alves et 
al. (2007) observed, at the density of 5,000 plants per 
hectare, under biannual harvest, greater production of 
cactus pear biomass in the conservation of secondary 
cladodes than of primary cladodes; however, at the 
density of 10,000 plants per hectare, there was no effect 
of the cut intensity on forage production, showing, in 
this case, that secondary cladodes can be used without 
compromising the productivity of the crop.
The OM content of the cladodes evaluated increased 
with the doses of N and/or P, fitting to the polynomial 
model, except for primary and secondary cladodes 
under annual harvesting in Tejuçuoca, where there was 
a quadratic effect of the N and P doses, respectively. 
In Quixadá, the maximum OM content of primary 
cladodes under biannual harvesting and of secondary 
cladodes under annual and biannual harvesting 
presented estimated content values of 934.9, 935.7, 
and 927.0 g kg-1 DM, respectively. In Tejuçuoca, 
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the maximum estimated OM contents of primary, 
secondary, and tertiary cladodes under annual and 
biannual harvesting were 898.0 and 917.0 g kg-1 DM, 
901.4 and 908.8 g kg-1 DM, and 931.8 and 926.2 g kg-1 
DM, respectively.
The increase in the OM content of cladodes with 
fertilization is a consequence of the indirect effect of 
the nutrients available in the soil on the cactus pear 
plant growth, resulting in a higher NDF content. The 
reduction in OM content as a function of fertilization 
may be associated with a dilution effect caused by the 
greater number of young cladodes that are richer in 
minerals and poorer in NDF. OM content similar to 
that of the present study was verified by Tosto et al. 
(2007), Costa et al. (2010), Pereira et al. (2010), and 
Silva et al. (2013), who obtained values of 907.1, 832.9, 
868.7, and 837.0 g kg-1 DM, respectively.
The TC content of primary cladodes under annual 
harvesting in Quixadá (Table 1) increased quadractically 
as a function of N doses, with a maximum content of 
836.6 g kg-1 DM obtained at the dose 92.4 kg ha-1 N 
per year. In contrast, the TC contents of secondary 
and tertiary cladodes, both under annual harvesting, 
in Tejuçuoca (Table 2), linearly reduced with the doses 
of P and N, with maximum contents of 794.8 and 753.3 
g kg-1 DM, respectively, with the doses of 10 and 10 
kg ha-1 per year P2O5 and N. In the other management 
situations, there was a fit to the polynomial model. The 
highest TC content was related to the increase in NDF 
content with fertilization, probably due to a greater 
stimulus to cactus pear plant growth. When evaluating 
the whole plant, Silva et al. (2013) did not observe the 
same effect, because the TC content reduced with 
fertilization, due to the increase of new cladodes that 
are poor in structural carbohydrates, showing dilution 
effect. The increase in protein content according to N 
fertilization may also reduce TC content, because a 
fraction of soluble carbohydrates is used as a carbon 
skeleton source for protein synthesis (Peyraud & 
Astigarraga, 1998).
The biannual harvesting resulted in higher DMT 
content of primary and secondary cladodes in Quixadá 
(Table 3), probably due to the higher maturity stage 
of the plant. This also justifies the higher contents of 
Table 3. Contents of total dry matter (DMT), organic matter (OM), crude protein (CP), total carbohydrates (TC), and neutral 
detergent fiber (NDF) of primary and secondary cladodes of 'Gigante' cactus pear (Opuntia ficus‑indica) according to the 
harvesting frequency (annual and biannual), in the municipality of Quixadá, in the state of Ceará, Brazil(1).
Nutrient Primary SEM p-value Secondary SEM p-value
Annual Biannual Annual Biannual
DMT (g kg-1) 136.03b 186.11a 0.78 <0.0001 148.33b 180.62a 0.85 0.0315
OM (g kg-1) 917.39b 927.59a 0.20 0.0009 899.54b 919.48a 0.31 <0.0001
CP (g kg-1) 63.78a 40.90b 0.31 <0.0001 78.67a 46.04b 0.41 <0.0001
TC (g kg-1) 828.86b 868.00a 0.55 <0.0001 798.22b 847.60a 0.64 <0.0001
NDF (g kg-1) 294.36b 347.77a 1.27 0.0003 258.75b 291.14a 0.63 0.0022
(1)Means followed by equal letters, in the rows, do not differ significantly by Tukey’s test, at 5% probability. SEM, standard error of the mean.
Table 4. Contents of total dry matter (DMT), organic matter (OM), crude protein (CP), total carbohydrates (TC), and neutral 
detergent fiber (NDF) of primary, secondary, and tertiary cladodes of 'Gigante' cactus pear (Opuntia ficus‑indica) according 
to the harvesting frequency (annual and biannual), in the municipality of Tejuçuoca, state of Ceará, Brazil(1).
Nutrient Primary SEM p-value Secondary SEM p-value Tertiary SEM p-value
Annual Biannual Annual Biannual Annual Biannual
DMT (g kg-1) 105.61a 107.52a 0.16 0.3611 94.08a 95.66a 0.13 0.5314 84.75a 85.39a 0.09 0.7612
OM (g kg-1) 895.68b 904.77a 0.26 0.0077 890.62b 898.42a 0.23 0.0302 874.30b 885.55a 0.24 0.0083
CP (g kg-1) 73.68a 68.78a 0.22 0.0919 85.96a 72.08b 0.26 <0.0001 115.22a 86.16b 0.46 <0.0001
TC (g kg-1) 805.28b 825.01a 0.37 0.0002 780.33b 806.26a 0.45 0.0003 735.69b 776.44a 0.60 <0.0001
NDF (g kg-1) 377.43b 469.07a 1.46 <0.0001 291.04b 424.24a 1.95 <0.0001 262.59b 370.13a 1.57 <0.0001
(1)Means followed by equal letters, in the rows, do not differ significantly by Tukey’s test, at 5% probability. SEM, standard error of the mean.
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OM, TC, and NDF in primary and secondary cladodes 
under biannual harvesting in Quixadá. In Tejuçuoca 
(Table 4), although higher contents of OM, TC, and 
NDF of primary, secondary, and tertiary cladodes 
were verified in biannual harvesting, the DMT content 
of these cladodes did not vary with the frequency of 
harvesting; moreover, in this case, the sandy loam soil 
with higher rainwater storage capacity in Tejuçuoca 
resulted in more hydrated cladodes.
The CP content of cladodes was lower under 
biannual than annual harvesting, at both sites, except 
for primary cladodes in Tejuçuoca, where there was 
similarity between harvesting frequencies. The 
maturity process results in a reduction in CP content 
and in an increase in the NDF content of cactus pear 
(Pinos-Rodríguez et al., 2010).
Conclusions
1. The effect of combined nitrogen and phosphorus 
fertilization on the contents of total dry matter, crude 
protein, neutral detergent fiber, organic matter, and total 
carbohydrate of  'Gigante' cactus pear (Opuntia ficus‑
indica) cladodes varies with the annual or biannual 
harvesting frequency, and with the municipality, i.e., 
Quixadá or Tejuçuoca in the state of Ceará, Brazil.
2. The annual harvesting of cactus pear improves 
the nutritional quality of primary and secondary 
cladodes in Quixadá, and of secondary and tertiary 
cladodes, in Tejuçuoca.
3. The biannual harvest, in both municipalities, 
promotes higher content of organic matter, total 
carbohydrates and neutral detergent fiber, and lower 
crude protein content in cladodes.
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